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(54) PLASMA TREATMENT DEVICE 
(57) Abstract: 

PURPOSE: To improve uniformity of plasma treatment 
inside the water surface by making a lower part 
electrode to be composed of an electrode main and 
an insulator covering a sample mounting surface 
thereof and by making a thickness of the insulator 
to be gradual ly thinner from the center toward the 
peripery of the sample mounting surface. 
CONSTITUTION: A plasma device is provided with a 
treatment container 19, an upper electrode 12 
provided inside this treatment container 19 and a 
lower part electrode 21 concurrently a sample stand 
as well as a means 29 impressing a high frequency 
between the upper and lower part electrodes 12, 21. 
Further, the lower electrode 21 consists of the 
electrode main 21b and an insulator 21a covering 
the sample mounting surface and a thickness of the 
insulator 21a is made to be gradually thinner from 
the center of the sample mounting surface toward 
the periphery. Thereby, the insulator impedance per 
unit area decreases in proportion to a thickness so 
the electrode main and a wafer. As a result thereof 
wave, plasma density and plasma treatment speed in 




29 



as to reduce a d i stance between 
impression of a high frequency 
the wafer peripheral part ar 



increased so as to improve plasma treatment uniformity inside the wafer surface. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the plasma treatment equipment used for etching of contest 
polysilicon [ the plasma treatment equipment used for manufacture of a semiconductor, for example, a silicon 
oxide, and ], an aluminium alloy, etc. 

[0002] . 
[Description of the Prior Art] In the plasma treatment equipment used for manufacture of a semiconductor, it has 
been an always important technical problem for the improvement in the yield of a semiconductor to raise the 
homogeneity of the plasma treatment within the wafer side. 

[0003] Drawing 4 is typical drawing of longitudinal section showing the conventional parallel monotonous type 
plasma treatment equipment which has an up electrode and a lower electrode, the up electrode 12 fixed above the 
processing room 1 1 by the metal sealing strip 13 - a shield -- it is insulated and supported by members 17 and 
18 The refrigerant circuit 15 is formed in the upper part of the up electrode 12, and the up electrode 12 is cooled. 
[0004] Down the processing room 1 1 , the up electrode 12 is countered, a predetermined distance is maintained, 
and the lower electrode 21 which served as the sample base in which a wafer is laid is arranged on the base plate 
23. the interior of the lower electrode 21 -- constant temperature -- the circulation-of-fluid way 22 is formed and 
the temperature control of a wafer is made possible the lower electrode 21 -- a shield -- the circumference is 
covered by the member 25 -- having - moreover, a shield -- it insulates with the processing container 19 by the 
member 24 

[0005] RF generator 29 is connected between the lower electrode 21 and the up electrode 12, and it has 
composition which impresses a RF between two electrodes and plasma generates. As frequency of a RF 
generator, 13.56MHz, 2MHz, 400 etc.kHz, etc. are used. 

[0006] Diffusion space is formed between the sealing strip 13 and the up electrode 12. The baffle plates 14a and 
14b of two sheets by which many holes were formed in this diffusion space are formed. Process gas is supplied 
through the process gas supply way 16 from the source of gas supply (not shown), and it is spread and equalized 
by the baffle plates 14a and 14b of two sheets in diffusion space, and it is supplied to the processing room 1 1 
from hole 12a of a large number formed in the up electrode 12. In this way, after the supplied process gas is used 
for the plasma treatment of a wafer, it is exhausted from the exhaust air way 26 with an exhaust air pump (not 
shown). 

[0007] Thus, the case where plasma treatment is performed to a wafer 1 using the constituted plasma treatment 
equipment is explained. A wafer 1 is conveyed on the lower electrode 21 by the conveyance arm (not shown). 
The whole up electrode section is dropped and inter-electrode distance is set up. Process gas is supplied through 
the process gas supply way 16 in the processing room 1 1 already exhausted to the predetermined pressure, and it 
is set as a predetermined pressure. And impress RF power between the lower electrode 21 and the up electrode 
1 2 by RF generator 29, plasma is made to generate, and plasma treatment is performed to a wafer 1 . 
[0008] However, in this conventional parallel monotonous type plasma treatment equipment, compared with the 
wafer periphery, the processing speed of the plasma treatment of a wafer core became large, and there was a 
problem that the homogeneity of the plasma treatment within a wafer side tends to get worse. 
[0009] Then, raising the homogeneity within a wafer side of plasma treatment is proposed by making the number 
of surrounding holes increase a distribution of the hole of baffle plates 14a and 14b from a center, and making 
supply of the process gas to a wafer periphery increase. 

[0010] Moreover, the plasma CVD equipment (it indicates to JP,62-37919,U) which makes the thickness 
distribution of the thin film created on a wafer equalize is proposed by forming the electrode side of a 
counterelectrode to which is countered with the electrode in which a wafer is laid and RF power is supplied a 
concave, convex, or in the shape of irregularity with predetermined curvature. Furthermore, the dry etching 
system (it indicates to JP,2- 106925, A) which raises the homogeneity of an etch rate is also proposed by 
considering as the same composition. 

[001 1] The plasma treatment equipment which used as the electrostatic chuck the lower electrode which served 
as the sample base shown in drawing 5 on the other hand is known. In this plasma treatment equipment, the 
lower electrode 21 is formed from electrode main part 21b with a flat sample installation side side, and insulator 
layer 21a which covers the sample installation side with predetermined thickness. Electrode main part 21b is 
connected to DC power supply 28 through the switch 27. 



[0012] . 
[Problem(s) to be Solved by the Invention] However, as the number of surrounding holes increases a distribution 
of the hole of the above-mentioned baffle plates 14a and 14b more than a center, there are the following 
problems in the method to which supply of the process gas to a wafer periphery is made to increase. The relation 
between the reaction in plasma treatment and a gas flow has not resulted till the place which can not necessarily 
explain reality quantitatively also in the numerical calculation it is very complicated and according to a 
computer. For this reason, this method prepares many baffle plates which changed the distribution of a hole, and 
searches for the conditions whose homogeneity within a wafer side improves by trial and error. Since a 
distribution of the optimal hole of a baffle plate changes with conditions of plasma treatment, this method cannot 
be said as the method stabilized not necessarily. 

[0013] Moreover, there are the following problems in the method of forming the electrode side of a 
counterelectrode to which is countered with the electrode in which the above-mentioned wafer is laid, and RF 
power is supplied a concave, convex, or in the shape of irregularity with predetermined curvature. It is not the 
electrode in which a wafer is laid, and since it controls by the configuration of the electrode side of a 
counterelectrode, an effect needs to be small and it is necessary to change a configuration a lot depending on the 
conditions of plasma treatment. 

[0014] Moreover, the plasma treatment equipment which used as the electrostatic chuck the lower electrode 
which served as the above-mentioned sample base constitutes a lower electrode from an electrode main part and 
an insulator. However, since it aimed only at adsorption of a sample, the thickness of an insulator was fixed and 
was not what aims at homogeneous improvement in plasma treatment. 

[0015] this invention is made in view of this situation, and it aims at offering the plasma treatment equipment 
which is stabilized and raises the homogeneity of the plasma treatment within a wafer side. 

[0016] . . . . 

[Means for Solving the Problem] The plasma treatment equipment applied to this invention in order to attain the 
above-mentioned purpose For example, the lower electrode 21 which served both as the up electrode 12 and 
sample base which were prepared in the processing container 19 and this processing container as shown in 
drawing 1 , In plasma treatment equipment equipped with a means 29 to impress a RF between these up 
electrode 12 and the lower electrode 21 It is making to be thin into the summary as the aforementioned lower 
electrode 21 consists of electrode main part 21b and insulator 21a which covers the sample installation side and 
the thickness of the aforementioned insulator 21a goes on the outskirts from the center of a sample installation 
side. 

[0017] j , 

[Function] Since a part for the insulating soma on the electrode main part of a lower electrode can be considered 
to be the capacitor into which both sides were inserted by the conductor at the time of plasma production, when 
thickness of this insulator is set to d, the impedance Xc per unit area for this insulating soma is expressed with 
the following formula. 

[0018] Xc=l/2pifC=o72pifepsilonr epsilonOf is the frequency of a RF, and C is the electrostatic capacity per unit 
area, and epsilonr. Specific inductive capacity and epsilon 0 It is the dielectric constant of vacuum. 
[0019] While the impedance Xc of the insulator per unit area decreases in proportion to thickness d, the distance 
of an electrode main part and a wafer becomes small, as it goes on the outskirts from a center, since it is thin as 
thickness d of an insulator goes on the outskirts from a center if it depends on the above-mentioned composition. 
Consequently, impression of the RF to a wafer periphery becomes strong, the plasma density of a wafer 
periphery increases, the plasma treatment speed of a wafer periphery increases, and the homogeneity of the 
plasma treatment within a wafer side improves. 

[0020] Moreover, since the structure of a lower electrode where not an up electrode but the wafer which is 
separated from the wafer are laid is changed, the effect of equalization of the plasma treatment of a wafer is 
large. 

[0021] Moreover, maintaining the flatness of the sample installation side of a lower electrode at the state where a 
wafer can be stuck and laid in a sample base, since the lower electrode which served as the sample base was 
made into the two-layer structure of an electrode main part and an insulator, it can combine with the thickness of 
an insulator and the distance of the electrode main part of a lower electrode and a wafer can be changed freely. 
Consequently, the condition selection which attains equalization of plasma treatment becomes easy. 

[0022] . . 

[Example] Hereafter, the example of the plasma treatment equipment concerning this invention is explained 

based on a drawing. 

[0023] Drawing 1 is typical drawing of longitudinal section showing one example of the plasma treatment 
equipment concerning this invention. The processing room 1 1 is formed with the processing container 19 made 
from aluminum. 

[0024] the shield of the product [ electrode / up / 12 / made from aluminum / which was fixed to the sealing strip 
13 made from aluminum above the processing room 1 1 ] made from an alumina -- it is insulated and held by 
members 17 and 18 The refrigerant circuit 15 is formed in the upper part of the up electrode 12, and the up 
electrode 12 is cooled. 



[0025] The lower electrode 21 which countered the up electrode 12, maintained a predetermined distance down 
the processing room 1 1, and served as the sample base is arranged on the base plate 23. The lower electrode 21 
serves as the electrostatic chuck, and is formed from electrode main part 21b made from aluminum, and insulator 
21a made from an alumina which covers it. It connects with electrode main part 21b through the switch 27 at DC 
power supply 28. the interior of electrode main part 21b -- constant temperature -- the circulation-of-fluid way 
22 is formed and it has the composition that a wafer 1 can be held to predetermined temperature through the 
lower electrode 21 the lower electrode 21 -- the circumferences other than a sample installation side -- the shield 
made from Teflon (registered trademark) -- it covers by the member 25 -- having -- moreover, the shield made 
from an alumina -- it insulates with the processing container 19 by the member 24 

[0026] RF generator 29 is connected between the lower electrode 21 and the up electrode 12, and it has the 
composition that a RF can be impressed between two electrodes. Frequency of RF generator 29 was made into 
the 1 3.56MHz thing in the equipment of this example. 

[0027] The baffle plates 14a and 14b of two sheets by which diffusion space was formed between the sealing 
strip 13 and the up electrode 12, and many holes were formed in this diffusion space are formed. Process gas is 
supplied through the process gas supply way 16 from the source of gas supply (not shown), and it is spread and 
equalized by the baffle plates 14a and 14b of two sheets in diffusion space, and it is supplied to the processing 
room 1 1 from hole 12a of a large number formed in the up electrode 12. Thus, the supplied process gas is 
exhausted from the exhaust air way 26 with an exhaust air pump (not shown). 

[0028] Thus, the case where plasma treatment is performed to a wafer using the constituted plasma treatment 
equipment is explained. By the conveyance arm (not shown), a wafer 1 is conveyed on the lower electrode 21, 
and it lays on the lower electrode 21 using a lift pin (not shown). 

[0029] The whole up electrode section is dropped and inter-electrode distance is set up. Inert gas, such as Ar, is 
supplied through the process gas supply way 16 in the processing room 1 1 already exhausted to the 
predetermined pressure, and it is set as a predetermined pressure. And RF power is impressed between the lower 
electrode 21 and the up electrode 12 by RF generator 29, plasma is generated, a switch 27 is turned ON and 
direct current voltage is impressed to electrode main part 21b. Then, a wafer 1 is grounded through plasma, a 
charge is supplied to a wafer 1 , and a wafer 1 adsorbs on the lower electrode 21. 

[0030] And impression of RF power is stopped, it replaces with inert gas, such as Ar, and process gas is 
introduced through the process gas supply way 16. process gas is uniformly diffused in the baffle plates 14a and 
14b of two sheets prepared in diffusion space having - the hole of the up electrode 12 -- homogeneity ^ 
supplied from 12a And RF power is impressed between the lower electrode 21 and the up electrode 12 by RF 
generator 29, plasma is generated, and plasma treatment is performed to a wafer 1 . 

[0031] Desorption of a wafer 1 is performed as follows. Impression of RF power is stopped, a switch 27 is 
turned OFF and impression of the direct current voltage to electrode main part 21b is stopped. It replaces with 
process gas, inert gas, such as Ar, is supplied, and it is set as a predetermined pressure. RF power is impressed 
between the lower electrode 21 and the up electrode 12 by RF generator 29, and plasma is generated. Then, a 
wafer 1 is grounded through plasma, a charge is discharged from a wafer 1, and the adsorption power to the 
lower electrode 21 of a wafer 1 disappears. And a wafer 1 is pushed up using a lift pin (not shown), and a wafer 
1 is taken out by the conveyance arm (not shown). 

[0032] In this example, electrode main part 21b of the lower electrode 21 was formed so that the configuration 
by the side of a sample installation side might turn into a concave using aluminum. And as the concave section 
of electrode main part 21b was buried, after carrying out thermal spraying of the alumina, by grinding 
processing, flattening of the sample installation side was carried out, and insulator 21a was formed. 
[0033] In this plasma treatment equipment, the homogeneity of the etch rate of the silicon thermal oxidation film 
on a 6 inches silicon wafer was measured using the lower electrode 21 to which the cross-section configuration 
of electrode main part 21b and insulator 21a was changed. The cross-section configuration of electrode main part 
21b and insulator 21a was changed by thickness a (micrometer) based on [ of the insulator shown in drawin g 2 ] 
sample installation sides, and thickness b (micrometer) of the sample installation side periphery (position with a 
radius [ a center to ] of 50mm) of an insulator. Etching conditions are shown in Table 1 and the measurement 
result is shown in Table 2. Example 1 and Example 2 are examples of this invention. And Example 3 has the 
fixed thickness of an insulator and the conventional example using the conventional electrostatic chuck shown in 
drawing 5 is hit. It asked for the average etch rate by the arithmetic average of the etch rate within a wafer side. 
Homogeneity Runi of an etch rate The maximum Rmax of the etch rate within a wafer side, and the minimum 
value Rmin It asks and calculates by the following formula. 
[0034] 

Runi =100x(Rmax-Rmin)/(Rmax+Rmin) (%) 

[0035] 

[Table 1] 



[0036] 
[Table 2] 



[0037] The homogeneity of an etch rate has been improved by making thickness of an insulator thin as it goes on 
the outskirts from a center so that the measurement result of Table 2 might show. It has checked that change of 
thickness had at least about 1 00 micrometers of effects of enough. 

[0038] In addition, what is necessary is for it to be good even when it is stair-tike, and just to decide this 
configuration, looking at the distribution of an etch rate, although the shape of a concave has a smooth desirable 
curve. 

[0039] In addition, in this example, the thickness of the insulator of the core of a lower electrode and a periphery 
was changed by making the sample installation side side of electrode main part 21b into concave. On the other 
hand, as shown in drawing 3 , the sample installation side side of electrode main part 21b may presuppose that it 
is flat as usual, and you may form the thickness of insulator 2 1 a so that a core may become thick. However, or a 
sample installation side becomes a convex configuration and convex past ** and a wafer do not stick to 
remainder in this case, the problem of the thin film formed on the wafer exfoliating arises. Therefore, it is 
desirable to set the difference of the thickness in a center and the circumference to 700 micrometers or less in 
this case. 
[0040] 

[Effect of the Invention] As explained in full detail above, the plasma treatment equipment concerning this 
invention is stabilized, and can raise the homogeneity of the plasma treatment within a wafer side. 
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DESCRIPTION OF DRAWINGS 
[BrierDescription of the Drawings] 

fPrawing 1.1 It is typical drawing of longitudinal section showing the plasma treatment equipment of the example 
of this invention. 

fPrawing 2] It is typical drawing of longitudinal section showing the lower electrode section of the plasma 
treatment equipment of the example of this invention. 

fPrawing 31 It is typical drawing of longitudinal section showing the lower electrode section of the plasma 
treatment equipment of another example of this invention. 

fPrawing 41 It is typical drawing of longitudinal section showing conventional plasma treatment equipment. 
[Drawing 51 It is typical drawing of longitudinal section showing conventional plasma treatment equipment. 
[Description of Notations] 

I Wafer 

I I Processing Room 

12 Up Electrode 
12a Hole 

13 Sealing Strip 
14a Baffle plate 
14b Baffle plate 

16 Process Gas Supply Way 
19 Processing Container 

21 Lower Electrode 
21a Insulator 

21b Electrode main part 

22 Constant Temperature - Circulation-of-Fluid Way 

23 Base Plate 

26 Exhaust Air Way 

27 Switch 

28 DC Power Supply 



29 RF Generator 



[Translation done.] 
* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Processing container. The lower electrode which served both as the up electrode and sample base 
which were prepared in this processing container. A means to impress a RF between these up electrode and a 
lower electrode. It is plasma treatment equipment equipped with the above, and it is characterized by being thin 
as the aforementioned lower electrode consists of an electrode main part and an insulator which covers the 
sample installation side and the thickness of the aforementioned insulator goes on the outskirts from the center of 
a sample installation side. 
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